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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a light emitting diode which can be 
constituted by using a light emitting element chip which generates light 
whose wavelength is shorter than that of blue light. 

SOLUTION: In a nitride semiconductor light emitting element wherein an N- 
type gallium nitride based compound semiconductor layer, a light emitting 
layer and a P-type gallium nitride based compound semiconductor layer are 
formed on one main surface of a translucent substrate, an Si02 layer 
containing phosphor which absorbs a part of the light generated from the 
light emitting layer and can generate a light whose wavelength is longer 
than that of the absorbed light formed on the other main surface of the 
translucent substrate. By outputting a light via the Si02 layer, a luminous 
color can be obtained only by the light generated from the phosphor, and a 
light emitting diode having long life can be obtained. 
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xftMN^i t was s nt ft s »b»*5»#«* 

(tSr^ftf S i 0 2 JB^±Ejft*tt*lR6!>ffi*©iB±«: 
M^n, l£S i0 2 ■«r^LT**HJ* , r*Ci«:» 

( 1 ) Re s (P0 4 ) a Q : Eu , Re 1 <fIU R 
emg, Ca, Ba, Sr v Z n £ iltR 3 fi &4>& 
<<t^iai, Qtt^P^>7C*©F, C], Br, I 
*»6*RS*i*4>tt< itlli. Re'ttMn, F 
e, Cr, Sn3^5SlR3nS^ft< i «> 1«£*«T 

£o ) 

(2) Re 6 (PO< ) 3 Q: Eu <fiU Re62S 
r, Ca, Ba, M fif*»6j«R3ft£d>& < t fe— ffl, 
Q»/M3y>7C3R©F. CI, Br, I &E>MtR£tl& 

(3 ) B aMg 2 A 1 1 6 O2 7 : Eu, 

(4) BaMg z AL,e 0 2 7 :Eu, Mn, 

(5) (SrEu) O • A 1 2 O a , 

(6) 3. 5MgO«0. 5MgF 2 • G e 0 2 :M 
n % 

( 7 ) Y z 0 2 S : Eu, 

(8) Mg B A s z O 1 1 : Mn, 

(9 ) Gd 2 0 2 S : EuRtf 

( 1 0) La 2 0 2 S : E u 3&>6&«SA>6jKRStlft: 

^^n, ^o-ecD^a^rsjicafeg 3 n/ci&3^a 4 gats 
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[0001] 
[0 00 2] 

fete J: 0. afe©764**3-l*^«><30-C*«3, 
[0003] 

[0 0 0 5] 

rs i o 2 n^^L-c^ta^T5ci^^<tr 
[ooo6]^/c, *mmm&mmm»W¥tim* 

40 tcfci^r, Jje^JB***r««©****"rsJ:5K: 

(1) Re s (PO* ) a Q: Eu, Re' ((II, R 
eHMg, Ca, Ba, Sr v Z n #>6jgtf?3ft£4>ft 
<<fct>l«£. Qtt^n^>7C*<DF. CI, Br, I 
^^>3MtR3tl^>^< t$> imt, Re'«Mn, F 

e, Cr, Snftt>&1RZtlZ>'P&< ±t> imt^t 
*> 0 ) 

(2) Re 5 (P0 4 ) 3 Q : E u UIU Re^S 
r, Ca, Ba, M gr ^6iSJRS nSd>^c < t 

50 Q«^py>7ci©F, CI, Br, 3 ft* 
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(3 ) B aMgr 2 Al, B 0 2 i :Eu, 

(4) BaMg 2 AU e 0 2 7 :Eu, Mn s 

(5) (S r E u) O • A 1 2 Oa , 

(6) 3. SMgO-O. 5Mg F 2 • G e O s :M 
n , 

(7) Y 2 0 2 S : Eu. 

(8 ) Mg fi A s 2 0 1 1 : Mn % 
(9 ) Gd 2 0 2 S : EuW 

(1 0) La 2 0 2 S : E u*&«cSW*6jW?3tlte 
[0 007 ] J/c, ^Rraccffi-S^fcft******^ 

[0008] S 6tC, *££H<cffi&£4l^^i^?S£% 
)RO»UNi«)IWttiJ:) cc It 6 J: t>. 

[0009 1 ^/c ^cfaBccflfe&^fc^aw****^ 
[0010] ^^(casaftiiMpaw*!***^ 

[0 0 1 1 ] 

^*cD^^ 1 . ^moss 1 ©Hftw^awtaje*^ 

H 1 CCS*TJ:5K:, WAtf, 1 000/imXiOO 
Ojum©^? WT5^fctt*Rl ICO— *OBCCft*» 
CD3oo|g^^l, 2, 3*5^(CWf«CKBL/T, 

Ttl^^'.-c, ii^ttSKi ltDflfc&offi (^*iSi«J 

if) tc»3t#7 l£^t?S i 0 2 B7 O^rMUcCi 

fc§z%m?!,c*5<,>r % s i o 2 j|7 0}ctin^M 

7 1<DS&, Si0 2 I7 0^Ltffi^3nW^ 
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[0012] W±<D<£ ^c, #H*SQJf288 1 ©atMS* 

10 ^cft^/coisfe^wcafe«tcfto/co-r^ft^. & 

^^{b-r^c i%«fe<DS!fb*fli*r/h3 < 

[ooi3]^c fie*o«jssr», ttMtccsatis^ 

20 jfSjB 1 <oafb»*a»(*«**^r k* % 3&fcft©**r»# 
^ b l r 1 © *> £ ^ £ b*r £ 
ccb«ft<. »*e<o*fb€:*«e>r^3<r#*. £ 

feg 6 £ c & t c ^ mm&ao -?tc&, <o 

[0014] yctc, ^mmmm 1 ©^t«j*»f*»* 
io 2 mi otcn>xmm?Zc ^mmmmi^^ 

Milt, 

(1 ) Re 5 (PO4 )a Q : Eu , R e ' ({I b , R 
ettMg, Ca, Ba, Sr. Z n *>6«tR3n<54>ft 
<£fcl«<fc. Q»^py>7C*C0F. CI, Br. I 
*^i8tR3tl-6d>ft< it Re'BMn, F 

40 ^ w ) cafe) 

(2) Re 6 (PO4 ) a Q:Eu (fil, ReliS 
r, Ca, Ba, M g ^6iliR3n5^ft < t i>— 
Q^^py>7E^CDF, CI. Br, ] *>6jHRStt* 

*ft<i«> i«t**ra. ) (#&) , 

(3) BaMg 2 All e 0 2 7 : E u , 

(4) B a Mg 2 A 1 1 e 0 2 7 : Eu. Mn (M 
ft) . 

(5) (S r Eu) O • A I 2 O s . 

(6) 3. 5MgO-0. 5MgF 2 • G e O z : Mn 
50 (^fe) , 
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(7 ) Y 2 0 2 S : E u (*fe> , 

(8 ) Mg, A s 2 O i i : Mn (^fe) , 

(9) Gd 2 O z S : Eu (#fe) Ktf 

(10>La 2 O 2 S:Eu ^#^f6*i£o 

[0015] fcTF> ^M^O^^^T^^m^-^ 
3t7fc{*ttS i0 2 B7 0eci^ic#»3ftTl>&C±** 

[ooi6] £tc. *§mxte, sa^Bj»**n-en 

©BUNCOS i Oz Jltc^fiS^ ^^^iif^ci 

bjti». cooir^tcs i o 2 m^mmmtLxmrn-r 

x, *^±fcfRfe«*«!»ar 
eaiBBUJBctc^jiBtcajir^i, ^roBcciawKc 

i-C*SS iOa 17 0Ccte^TTB*>£_LBfc:a>tt-c 
«B*©S^H©ttS#>h3 < tt* J: 5 fic, SK#«J 

> ^fesr *i*n & r « t m±m * x&mc mw/t * m& 
z&zct&xzztmc&mmmmx&zs \ o 2 m 30 

[0017] *©»rt\ ^t«. */c« 

h ^ -/ r > ft s j: 9 cc«a36ft*j#* n 

m%B*m&? &£51CUXS i02I7 OSrBfiStS 

[0018] £/c, ^*<*7 1 S i 0 2 117 0 40 

«\ mX.lt. iszrS-)l (S i (OE t ) 3 OH) ix 

miti* (mm i i*#t*3-e-c, s 
n/c *s v a V)i i i (om-ftcD^wic xf> 

tsci^^. c©J;^cii:M^n/cSi0 2 

170^ mt<Dffim£&mKvmm9x$>z>tc#>^ m 
ttmicxz&it&mmbckt^xmibxA^ < , 
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[0019] ccx. Ttmmomm i sio 2 i 

7 0 tca*n*ffi3fe<*7 1 SiO 2 i70 

*^orffl*sn&j6A«ii»«cc«*#7 ice J: -5 rift 
fi^ftsn/ce&^o^wift^cfc^cc, Tft*>*>, 

7 1 Cc»iR3*i-cHS»fcf*7 1 ^rJSF*3-r^J:^{cttf5W 

[oo2o]it s i o z i7 otc^ms&zmytfc 

(Mitt. »fa<0aWc*tl6S-a:r«^O«[CcS85e3*i4 
feflcrcttftt^ *«W*^©tftS*CCJ:4<b, SiO z 

*7occ**ti*a*»7 i©«*«**< a«i, a 
i tc*t-r*s i o 2 «7 o<z>«#sas3&5»< 

ft*Ci^WB3*ar^S. fr3fo*tt«tt<DIi*#lB 
•T5<b. S i 0 2 K7 0CCte^5«*fl«DSWfiW. 3 
Owt°/o-8 0wt%r^t6C<!:W?^L<, 

1 l«c««S iO z ■7 0QJ:9ttlvtt*att*fll£ 
fcdt>^tt, 40wt%^8 0wt%tcjffit4Ci^3 

[ 0 0 2 1 ] *fc, *HJ6(D^S8 1 ©»b«*«iW6* 

(1) nfSIW'J^A^M^ll 2 (nil 
2) tt. 1f^r^T^6ft^ja*14S«l l_h 

[0 0 2 2 ] (2)fi§ttil0« 4 nB12i«K|H|— 
CD^3in/ll 2 JtO^^tt^lMr^-DT, 
^(Dlo©S2^nIl 2<D1 oCD^iZItC^MWCc— 
tSiMCnll 2±(CJgfiE3tl-5c CO^^fCff^-T 
^>C<bCCj;0. nil 2±JCffitt«l OlCfa^Xnm* 

■C. 3*^|*OJBIB 1 rtt, iSttB 10 ©*tt. nM*- 

^«gi<DHE«tL 1 , L2. L 3^2 2 0 umfCft^J: 
^JcK5£L/c. CCDcfc^CC, 8SHL1. L2. L3^2 

2 0Mm^L/clS^ n*W-5^«i^6 2 
2 0 ^m«±l!tfi/cfil[SCc*^r£ttBK:aA3nS«SS 

•C, rSttBl OttI nO^Ws:^^{k3^^c<bCcJ:0 
«68fi*^5C(b^t*4In 8 Ga, - , N/fCc 
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[0 0 2 3 ] (3) nW-27^1il4 (14a) 
5*. fSttSl ©SS**U nil2± 

£ft£ 0 nflj*-^ y*«fil 4 (14a) ^ 

nn 1 2 ^ 9 zmMzmmt-czzw 

(2 00A), A1K 1 00 0A), WJS (5 0 0 
A) . Pti (3000 A) % N il (6 0 A) 
mm-$-*>Ztfc£*)nM*-Z v?n®l 4 (l 4a) 10 

[0024] (4) psswta/y <y&m¥m#mi 3 

ftttlB 1 0 tra-^fflj&K*WL?S14» l 0_Bcm 

^ AJfe^NMWB 13lt n m 1 2 ±{cffitt)S 1 0 Rtf 
Pll 3*atarJB«tb/c», nflPJ:*-* ***ffil 4 
ZBf&TZnM 1 2^M^^W^-y:5/-cii5?>Cc— fsorx 

[0 0 2 5] (5) pffl9*-5 5t* Pil 

fbtf y A3M£3M*» 1 3±(D«(3f^WCjf^$*a. p 20 

N iliP tJB<k*«»TSC:i(cj:D«flETa. 
[0 0 2 6] (6) -eur. p^>> Km@l 6(16 
a) mm3 0 0 0 ACDP t*>6fc»K pflPJ 

? ^ISl 5_h&t*5l>-C nW-5^111 
4<bti«ltl/c«JCCfi[S'r^p|H2f-5 ^^«ffil 5<D^ 

[ 0 0 2 7 ] 5 6tC % 2»«©^« 1 ©*RS!fi{t«^ 

■¥■1. 2. 3tt, tmmtmi ncjzvm+m&fmz so 
mmm i i p ^ » fss i 6 ( i 6 

a ) ±SO*nffJ*- ^ y ZM® 14 (14a) ±*gftl» 

ti^tt^^^M^^ s^m@2 i«, 

itS2 ltt, ^*^2 <t^^3£OK5C4tJ^r 40 
feHafcJBfiSSti. cntcJ:^ 9&fti&=F-2<Dnm*~ 
Z v 5>nMk \ 4 ach^^T-3<DpfflfJ^- 5 y^WMl 
dafimmSti&o Jg«««2 1(3:, PtX«Au9, 

a * co^n T«iarr * c t #r * s . 
[0 028]^ i r«s fcoc, ^im^ 

lOp^^ KWB1 6_BcjgiR«ffi2 1 iElfiKDtm^ 

6 a as&tt/gsffi 2 6 a^ss s ti , ftitm* 3 cd n 
ttaps&sjBss 2 4 j&sjbjsr s n £ . 

[0 02 9] fcl±(D J: 5 tCflteS 3 *lfcSafc<2DJU« 1 <D^ 50 
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&««re A 0 ^-pSt^^tc J: £ 4Sittfi& t ^ £tr t> s i 
HSb** v y't LTmft®%Jt#J*- K*flHr>*C i 

r^ss i o 2 H7 0 4JBi>r»fi£u*ci^S6r>r v 

[0 0 3 0 ] ***6©?f^ 1 <D^{t©*^f*l£ 

**7Uir, mil Ca, o (POJe FC 
1 : Eu, Mn*JBl>SC<hK:J:*K tt«WJEl^3£S 

l o o vo-«^jg«©6cit«^LrffifflLfc 

[0 0 3 1 ] H*t©^SS2. ^CC, #|^CCffi£^ife© 
*«2©fiftW¥**»** J f«C-oC»r, H4*#JHL 
^^6itt^T-2) 8 *^tt©»«82<DSiaMa{b«J¥«(* 

ffi*& i . m^comm 1 coowm^l^*^^^^ 

CCfcC^-C, 8»«i2iaWffl^tlffi2 4 1 2 6^: 
OZBf&L. mitm*\, 2, 3©p^, F«ffi±tc^ 

n-etite««sai3 ozmm~?z>z)\'-*->i>6 izm 

lft**T-l, 2, 3CD^nffl^-^ * ^HS±t£ 

[0 0 3 2 ] 2 . *g]R^aR3 0 tC»5«E3 n/cX 

Jl/-^;l/6 1^/rir k ^f^l, 2, 3<DpA* 

tffiS*3. *fi»lSB«3 0{cM^n/cx;^,t^6 
2^/rbr, a^fesR^l. 2, 3<DnWj2f-s^^«ffi 
W^jg;iUCfi^S«ffi5 2 tSit^ s W±CDfflit^ 1 , 

2, 3«*hx i omnmmm^mimit 

m*±mmicffii8L?& 0 ^<omm2(omm 

r^^l. 2, 3WM8Uc^^^« 
±cd J: ^ (caftsEStifcji*cr>^«2 oa{t»^NW*»* 

[0 0 3 3 ] M±<D9m<DJ&1& 1 . 2 ^7feM«^ 
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mxzz> a 

[0 034] VL±<Dmm<DBm 1, 2ttt. ftftMWtf 
300^mX300 m m<D— l$lfti£j^ < £>to&;*c£ 10 

S i O z I7 0«*U, »7 2 «r^J0E U , *<D3»7 
[0035] JH±©*HS<DJB« lM2m »W*#6 

h y ^a • t/l^~^a • ? v (yag) 

[0036] *aW(Cffl^e,h&YAG*S36fttt. * 

aftftSajfeBSiLttt, YAlOs :Ce, Y 3 A 30 
ls0 lz :Ce(YAG:Ce) ^Y* A 1 2 O a : 

Mg, Ca, Zn<D'J>rj;< th—m&^ZfiXit^Xh 

£/c, s i zsmz^zctucx^x. 

(DKfc^mm L S^fjCDSrP £ ffi A £ C t &X £ & . 
[0 03 7 ] *WtB»6C*Jlir, c e-eftffi?n/c-{ * 

f y ^a • * ~v Ammmmftmmte&fc&mic 

»WT2>i><D±L. A ? b U CA(D-SP*-6^ti±<* 

Lu, Sc, La. Gd&tf Smrt^&£3?^6ii 40 

TJ^^^AO- a$&5l>tt:£f*£Ba, Tl, G 
a, I nOWti&XtemJj-cmf&Ltc&vrj: £<DWt\t 

[0 03 8] iTftib^ HKSC (Y, Gd 

i - 2 ) 3 A 1 s Oi 2 :Ce (fflL. 0<z ^ 1 ) r 
^St^?* h ;U 5 * fc£ (Re 

i-aSm.JsRe'sO, 2 :Ce (IIU 0^a 
<1. O^b^l, Rete, Y. Gd. La, Scrt>6 
SJ?3*i5d?fc Re' « t Al, Ga, I 50 
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[0039] cn^©i«sit * MtJSOfc 

4 5 0nmttifi{CR£tSCimS. */c, «36tT 
5 8 0 nmftiS«C*0 7 0 0 nm*t?t*«:5l 

OXC eCCfln^Tb, Cu, Ag, Au ( F e, Cr ( 
Nd, Dy, Co, Ni, Ti, Eu, feiC/Prft 

[0 04 0] *8S* 
KGd (#Fy~^A) *fiWT*CiCcj:0, 460 

m&fc&mo±»<Dftftm&b&&mi\ic>>y b?z. 
M^<-r5C(i:rasrt^ — GdaWMmr* 

[0 04 1 ] Ufrfc, H«36^r>/c-r * h »J 

A 1 a tfWa C i ^*SI« 

mitOs? h*f&c SS/c> ffi^ROYO-gg^Gd-Cg}* 

[0 04 2 ] YO-S^G d tUftt a*6, Gd^ 
«»€:1SI**CCL, R^CeCO^m (■») ^0. 0 
3^6 1. OiCifl-^CiW^l/^o Gd-NOIi 

[0 04 3 ] CCDcfc^fc?* h^U5*H2>^^**«. 
Y, Gd, AL SCfCe(DJR»iLT«lft«f. Xtt* 

«»J:LX*+^cg^uriaf4*?i^o Xtt, Y. Gd, 

c e <D%±m7tmzit¥mmhxwt<<t®m l tcmmmz 
mrnx&tkbtck<D*&i&Lxnhtiz&imit®±. 
mttT>iz-yAt*m£Lxm'&i!m*'mz> 0 cntc 

77^Xilt7 yft^^y ^ A^>7 vik*T >- : &^ r ^ A 

^cd^ ^^t«J*ja*«^OrtBi»Ccte». £S* 1 3 5 
0-1 45 0 4 C<DSai8H"C2-5B#m«^EUr«lfiS 

[0 044 ] *8ISSW©«*^^^- FfC*5l»r, 

^ArftrS^ti^c^ ^ h »;^a • t^^a • j^-* 



n 

[0045] ffecc^wfe, ^m^m^^Lxm^ 

tmftvim^yi&t LX\X, E uROVX^C r Xtt 

C r XttfeZtltcmm^mC a - A I 2 Oa 
-S i <D 2 IS^f* (**>^ h^W K^KT-) 

£6„ 10 
[0 04 6] £/c, ^7cffl7^*ftJ:2tf£/c^c^ # 
^■Cffll^n^^^MO¥^fifI«l 0 /zm-5 0 
MmWIL<, J:0»^L< 1 5 0 umX 

ccxw-mr&ti*. ^mm^m^wMtL 

[ 0 0 4 7 ] *fc. C0¥J«Sil4*r5S*W3&s 

$ i*a*«!jt*fflc > £ c t cc j: 0 e a ^ *s»im 2 

[0048] B«frc\ *^(Cffl^6n^»i©l:IWf 

it, e uscf/xttc r xttmztitcmm^m 

CaO-Al 2 Oa -SiO z Mf*Wf6n^ CCD 

E uWXKC r tWffi^hfciiMC aO-A 1 30 

2 Oa -s io 2 mtT>m^vi±, whm 

l^tl 3 0 0W 1 9 0 0°C 0<&*1 50 

0 C C^6 1 7 5 0°C) &C^T^IiL^3i±£,, RBK 

tSXMM2t^Ci^#5 0 tftGc^ri 4 5 0 
nm&Cfc--^*£ofc®j£B;^^ f;U£ft6 5 0 nmCC 

tf/Xfcl:C rtflffi^/cCa-A 1 -S i -O-NS** 40 

[0049]^ EuM/X^CfCffiS^n/cC 
a -A l-S i-O-NSt+v't^ F3t*W^®S 

;7*5 7 5 nm^6 6 9 0 nmicS^&tyC^? |^-T£C 

Hate, ae^^^ h;i/*>a»wcc>'7 b 

I nGaN^MiiC^tPi 
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#<C. ft 4 9 0 nm©*^IS»S{c:»*pIffia I 
n G a N *«3fc»{C^fcSffc# ■; * A^b^»¥«fl* 

[0 0 5 0 ] Sfc, ±j£<DCe^ffi£3*ifi:YAG*^ 
«iEu ROVXttC r S n/clIMC a - 

A 1 -S i -O-NJR* + 2^-f h^-< F3b6WPi*ll 

[0 0 5 1 ] J£l±0DJ:^(C«flE3nfeYAG3g«*(*«: 
<fc£S i 0 2 ■ 7 0*JBC>T*J$LTl>*©-C\ 3*36# 

[0052] 

mz c ti temfez ti & box-it & 
mmt i ] 

<a*tt3i«i 1 > t^wr (cm) ±oaaa*tt 

SSI 1 *MOVPE<DKJ^«rtlCHr* h U *** 
iSL^6. S^OiUJg* 1 0 5 0°C£r_b^2t?\ & 

(M gA 1 2 O* ) ©J: 5 GaNlfe 

[0 0 5 3 ] <nS!»k^y>A«ft6«^aW«Bl 
2) MfoZW niat^y^AUfc^ft 

lO'CSTTtf, 38*ttS«l l±(CGaNJ;0^^^ 
^7 7 I^10 0Afi!tI5W a XtC^7 7TlJSfi 
ft, j&JK4 1 050"C*"C±j?3^ r>F-7'GaN 
■ 12 1*1. 5/im(DlS/Sr^g31*^a it^tlO 
5 0°CT, S i £4. 5 x 1 0 1 8 /cm 3 K-?'L/c 
GaNJl 12 2*2. 2 u m©J««-Cfi£fi$1*4. 
[0 0 5 4 ]il^l 0 5 0°C-C, 7>F-^GaNI 
1 2 3*3 0 0 0 A(OmmX x 5^>CCSi*4. 5X1 
0' e /cm 3 F-^GaNil24t300A, 
^f>JC7> F-7'GaNU 2 5*5 OAOJRJPr^fi 

[0 0 5 5 ] m^xmU<DM.mx. T> K*-^G aNJ: 
D^-sm 1 <DJS*4 0 A, SS*8 0 0°C(CUr, tftl* 
t7>F-7*I n 0 . i a Ga 0 . a i NJ; f 3^^H2 

(Dm%2 o A<Dmmxf&m$&. ntih<omt*&*)& 
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[0 05 6 ] (SI4I13):Wcn^M^AM 
^if^gftjg l 2 *j£St£, T>F-7'GaNi:^5 
0 0 AcDM/lrfiXg$i±, &a»8 0 
0°CtcLr, S i £5 x l 0' 7 /cm 3 F-?*l//c I 
n 0 . o 3 Ga 0 . « 7 N<fc9&S#F»*3 0A<Z>B 
/STCEfcfiStfS. *LT»fi + #F+P*fi + #F ■ ■ • 

iteH/fl 3 5 0 AO^fiS : F-#FJ:»3^^tStt» 1 
3*«JI£tf£ 0 K±Oi5(Clt, 37 0 nm(DfJt 

£ rstt» *»fiS-r a o 

[0 05 7 ] ( p S&itif »; 9 A^ft^«J*«#Ji 1 
4) rSteH 1 3*&:6f£, plifW^ASft^i 

t*i 4&'X<Dmf&-cmm:2i±z> a -xk i o 5 o°c-c\ m 

g^5xl0' Vcoi 3 K-^OfcplA 1 o . , G 

i* m^XT> F-:/GaN<fc9fc£!&4CDJl*2 5 A 

4 CDJBr 3£E$c 4 J§ -ToSS t /cJgt&TJ: OWpS* 
JHM£2 0 0 A^HWrjagS-e*. »tr>T 10 5 0 
°Cr, Mg^ixi 0 2 0 /cm 3 
N<fcDfc£Jl*2 7 0 0 A©BffriSfi?^^ 0 KJ£#* 

ra. assess rrtf* if#iM*t7oo 9 cr 
r^-'j/^, P MJi*3 6&tffiffiijvfb-f £«> 
[0 0 5 8 ] wiOcfc^tcur^ft^y^A^fb^^ 

t c d r * 'u > ^ v > * &m 2 a c £ & pj fife r * a o 

iftI14C!)±{CSiO z v^^^Ml, R I EtCcfc 
2Sf*IBl 2 (S i F-7'GaNIl 2 2) O^ffi^Rffi 

40 

[ 0 0 5 9 ] A(C p ffl«b# U A^t^W*a»ttil 1 

Fifu, wps-efcpSSfb^»;->A*fb^«j*»«: 

■JbtCN i *1 0 0 A. Pt*5 0 0A«HflL 

?£»ffi(D— WfcP t*3 00 OA. N i ^6 0 
A^SttSpflPJAy K«ftl 8 a (16) *71MT£ 0 
#<CU^* h*K*U ^fittnSSSWbtf';***^ 
4&¥«<*Jl±*cW«:2 0 0 A, A 1*1 0 0 OA, W* 
5 0 OA, Pt*3 0 0 0A, N i *6 0 AtDJiTfSJg 50 
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[0 0 6 0 ] &cc±fficcs iO z J:0a4*B««HIBl 
7*1. 5 /Ltm©R»t?JfJfiSL. pKV^FSSinl 

icmmtcmmnm&mm' *sb#*bbp s ^ a £ *> ^ v 
v zmmtzmmbicmmTzmmmmt tt, t i * 

40 0A, Pt*6 0 0 0A, Au*100 0A, Ni 

*6 oA<Dmmx*&m?&. mmcs i o 2 

&<3HR3 0£1. 5Mm©iHtMU 
tt«c£«r#*Jfc5teJSiRmffi2 4, 2 6±<D«S«8I 

[0061] (myt&i i *^t?s i o 2 mi ocdb 

JSi) We* m%W (Ca, o (PO* > B FC1:E 
u, Mn) . (S i (OE t) 3 OH) Rtf 

x^y-;l/^L/c^7V-^iJ*r^ a ccr. H 

%s-)l>&mm.VcrC4 : 1 : 2 <L&6 J:5CCiB^Lfc 0 

* y X)lfr ^ y T TS«QSffiiC ST L tifi^H 
ilr[nlfcS#SC<t&cj:*K a«©«ffl±*{c^-tt« 

^tSffi*3 0 o-c©a*--^>rtr 3«FHJnj»-r&c<bcc 

^f*7 1 *^t?S iO z 17 o*«^ni) 6 
[0 0 6 2 ] C©<t5CcOTf¥«3ti/cl«»©«T'«« 

5 0 x 4 0 0 u moftjm** v -fzrmrz. -xic, 

tO^tm^? v7'8 0*(M7«:^Tct5(C, rtv*- 
V>% 1 tcfl^fe*^-^ ^ ^8 OcDIE^comS-etl^ti/^ v 

^*tf^ e -eur. a^^^^a^jc^^a^tt 
a„ 

[0063] mmmzmmmnc^x. ^^»;-^ 

ttft*a*»)^JIS«nc|:b«bT«Tfi<ttofc 

[0 0 6 4 ] [HJ5MCT3 ]J* ^ »; -cc»"ram*»osw 

*©ett#»6h, *»o*jfi«2ecih«LT«a*a* 
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[0 06 5] Ha6W4]X^';-fcSft^am3tei*CD*W 
[0 06 6] [H«W5]H«« 1 Ccfcl»r . «T©*# 

( 1 ) mnm i «c**i»t , #*«««:5Bihf-* » 

(2) Mft7 1iU, (Y 0 . a Gdo . 2 ) 3 A 10 
I s O, 2 : C e*JBl>*. 

-TSo *HifeWl5"C«. SjiaW^ilyt, I nG 
aN^63tc^»*H%WL^*f-^^4 7 0 nmtf) 
LED^^tffl^S. COLED^^tt, MOCV 

G (h^fiV) ^'X. TM I ( h ';^*JM >iSO 
A) TMA (H;y^TiU5^»>A) T 

[0 0 6 7 ] »*3R^^»^©JB»SiU-C. IJ^W 
r*«_b*cfija/<v7rJBr**Al GaN, «S14«r 
r*Lh£tf£^> hWGaN <»s*ftl 5 0 00 A) % 
«ffi*^0c3tinS=J>^^ hiiirK S i K-?* 
CDGaN (J13#J2 1 6 5 OA) , IS#itt£r°J±3i*S 
y>F-7'(DGaN (Jl£#j3000A) . nfi^7? 

KBil'T>'>F-^©GaN (»Sfi5 0A) . Si 
*F-^/cGaN (Jti*#j3 0 0 A) tDfflfcf-frkti: 30 

if 5. />K-^©GaN (W3I&4 0A) -/> F 
-:7*<DI n G a N (J?3^2 0A) <Djffi& z f-&hte2>& 
MB. *a«-¥-#F*jt*6ttS«*Ji4LT, >>>F 
-^©GaN (»3fi2 5 0A) InGaN(JI^ 
l^3 0A) (D^II, pS^rO^ hS£L>"C«KMfir 
#F-?'£ttfc InGaN (/P3^2 5 A) <tMff#F 
-^toGaAlN (»S»4 0A) ©jH*F^6& 

fcGaN (WSftl 2 0 OA) Zf&m?2>* 40 
[0 068] C5Urfi!MLfcafttt*ai»^RJEBl3ti 

«**^^^*ft»-TS. fit, C©«t^{CL/Tff 
MLtc¥tytm*?y7£ % (Y« . a Gd 0 . 2 ) a A 
U O, 2 : CeSttftitffll,^ HflSFJ 1 t RNMC 
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[0 06 9 ] fcLkOJc^KLT. M^MM^^^ 

-FHt. a&ccj:oae*3W#6n, ue*«itta*o 

[0 0 7 0 ] 

f m^f* 

[HI] «XH(cfffiMkO)M l ©«fb»¥3M*3S 
[B2] ^lCQA-A' «CC^^rcDM»»rffiB (ffe 

im3] mi (oa -a' *tcocir©aj»KffiH 

[H4 ] ^H(Cft«3m®JHB2 <Dffi{b»*a»f«& 

[i5 ] *mm%hm?M<Dmmmmwmim* 

r, ^^7^^xi^-/y>n^3^s io 2 1^ 
[S7] ^wccaa^ifewofifbft*******^ 

[^-^DlftH^] 
1.2, 3-Hfe*3H\ 

l 0 -rgttll. 

1 1 -H-7 7^7ifi, 

1 3 ... p S&itiS 9 a»3u*wb, 

14, 14 a-nffl*-5 * ^^fe 

1 5-pflpj*--$ v?nm. 

16, 16a-p^? FMB. 

1 7-«8l§SR 

2 1, 5 1. 5 2-SM«& 

2 4,2 

3 0 -ffilSSE 

6 1,6 2 -J*JW— *— JU, 

4 1 •••:»««. 
70-S i 

7 1 - m^f*. 
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